Introduction
Reproductive performance of lactating dairy cows worldwide has decreased markedly in association with selection for milk yield over the last 25 years. This condition is referred to as an "infertility syndrome" that hopefully is reversible with the application of current technology across the disciplines of dairy management, nutrition, herd health, genetics and physiology. Reproductive management systems have been developed that allow for a first service insemination rate following a synchronized ovulation of 35 to 40% under commercial conditions (Moore and Thatcher, 2006) . However, it is evident that many of the cows presented for service are anovulatory and are not in a state to achieve optimal fertility. In a summary of nine studies from five dairy farms in California (Rutigliano and Santos, 2005) , interrelationships among parity, body condition score (BCS; 1 to 5 scale), milk yield, AI protocol (inseminated at oestrus or Timed AI (TAI)), and cyclicity (cyclic or anovular) were evaluated for their impacts on pregnancy rate (PR) and embryonic survival to the first postpartum AI (n = 5,767). Cows were inseminated following a pre-synchronized (two PGF2α injections given 14 d apart) TAI protocol or oestrous synchronization protocol initiated 12 to 14 days after pre-synchronization. Occurrence of cyclicity was greater (P < 0.001) for multiparous than primiparous cows (81.8 vs 69.5%) at 65 d postpartum. Cyclicity was also influenced (P < 0.01) by milking frequency (twice = 82.7% vs thrice = 68.7%), BCS both at calving and AI, BCS change, and milk yield. However, milk yield, BCS at calving, and AI protocol had no effect on PR at 30 and 58 days after AI or on pregnancy loss. As expected, more (P < 0.001) cyclic than anovular cows were pregnant at 30 (40.0 vs 28.3%) and 58 (34.2 vs 23.0%) days after AI, and cows that were anovulatory prior to oestrus synchronization tended (P = 0.09) to experience greater pregnancy loss (14.5 vs 18.6%) between 30 and 58 days of gestation. Pregnancy loss was highest (22.5 vs 16.8 vs 12.2%; P < 0.01) and conception rate at day 58 lowest (21.7 vs 30.4 vs 35.6%; P < 0.01) in cows that lost > 1 unit of BCS than those that lost < 1 or experienced no change in BCS from calving to AI, respectively. Likewise, cows having a greater BCS at the actual time of AI (> 3.75 vs 3.0 to 3.5 vs < 2.75) had better (P < 0.01) conception rates at 30 (46.4 vs 40.1 vs 33.9%, respectively) and 58 (41.8 vs 34.6 vs 27.9%) days after AI. Consequently, minimizing losses of BCS after calving and improving cyclicity early postpartum are expected to increase PR and enhance embryonic survival. The challenge is to manage body condition in healthy cows, with an inherent high dry matter intake, so that they have sufficient energy stores at parturition to meet the demands of ensuing negative energy status without a predisposition to fatty livers and metabolic disturbances and have sufficient body condition at the beginning of the breeding period such that they are cycling and able to sustain a pregnancy. These associations emphasise the importance of nutritional management from the time of "dryoff" to the time of insemination, which is critical to herd reproductive performance.
The focus of this chapter is to identify those physiological windows during the periparturient and postpartum periods that appear to be amenable to nutritional management that may improve subsequent fertility during the insemination period.
Parturient health events

METRITIS AND ENDOMETRITIS
Puerperal metritis (PM) is a serious condition in dairy cows since it affects production, fertility, and can be life-threatening. A better understanding of calving-related factors that predispose cows to PM would aid in the prevention, diagnosis, and treatment of this condition. A prospective longitudinal study was conducted with a 1000-cow dairy farm in north Florida between August 1, 2002 and April 15, 2003 to evaluate the effect of calving status, parity, and season on the incidence of postpartum PM in lactating dairy cows, and the role of rectal temperature as a predictor of this condition (Benzaquen, Risco, Archbald, Melendez, Thatcher and Thatcher, 2006) . The farm employed a postpartum health monitoring program. Cows with a normal calving status (Nc) were those without any calving-related problems. Cows with an abnormal calving status (Ac) were those with dystocia, retained foetal membranes with or without dystocia, or twins at calving. Daily rectal temperature (RT) of all cows was taken between 0700 and 0900 h from days 3 to 13 post partum, and a health examination was performed by the on-farm veterinarian. Cows that appeared sick (depressed, eyes tented, etc.) or had a rectal temperature > 39.5ºC were examined for septic metritis. The criterion for diagnosis of septic metritis was the presence of a watery, brown-coloured, fetid discharge from the vulva (noted after palpating the uterus rectally), with or without a rectal temperature > 39.5ºC. Cows diagnosed with septic metritis were treated with systemic antibiotics, anti-inflammatory agents, calcium, and energy supplements. The environmental thermal heat index (THI) was calculated using the daily ambient temperature and percent relative humidity recorded at the closest weather station. Two seasons were defined, based on mean THI, as the following: a cool season from October to April (THI < 76.2) and a warm season from May to September (THI ≥ 76.2).
A total of 450 parturitions were evaluated. Cows with Nc had a lower incidence of PM compared to cows with an Ac status (13 vs. 41%; P < 0.001). A season by parity interaction was detected. During the cool season, primiparous cows had the highest incidence of PM (39.4%) compared with primiparous cows in the warm season (12.7%). In contrast, the incidence of PM in multiparous cows did not differ between the cool (11%) and warm (18%) seasons. The reasons for the parity difference are speculative; perhaps foetal stunting during the hot season in Florida reduced the incidence of dystocia, whereas larger calves born in the winter season increased occurrence of dystocia and subsequent PM in primiparous heifers. The RT of cows that were diagnosed with PM increased 24 h before diagnosis of PM and reached a maximum RT of 39.2°C ± 0.05 on day 0 (i.e., day of diagnosis). In cows with PM and fever at diagnosis, the RT started to increase between 72 to 48 h before the diagnosis of PM and continued to increase to a maximum RT of 39.7°C ± 0.09 on day 0. However, for cows with PM and no fever at diagnosis, no daily incremental increases of RT before the diagnosis of PM were detected; however, the RT on day 0 (38.9°C ± 0.08) was different from cows without PM (38.5°C ± 0.04; P < 0.001). Cows without PM had a stable RT during the first 13 days postpartum (mean of 38.6°C ± 0.01.)
All cows were examined for clinical endometritis between 20 and 30 days postpartum. The criterion used to diagnose clinical endometritis was one of the following conditions associated or not with each other: cervical diameter greater than 6.0 cm; asymmetry of the uterine horns with fluid content and/ or pus present at the vulva following rectal manipulation of the uterus. The overall incidence of clinical endometritis was 24%. Cows of Ac status were 40 Nutrient regulation of hormonal, humoral and cellular responses more frequently diagnosed (40.6%) with clinical endometritis than those of Nc status (17.7%; P < 0.001). A higher incidence of clinical endometritis was detected for those cows diagnosed with PM (38.2%) compared to cows without PM (20.2%; P < 0.005). There was no difference in accumulated PR by 150 days postpartum (mean = 50%) between normal cows and cows experiencing PM. However, a seasonal effect was detected (cool season of 60% > warm season of 22%; P < 0.02).
REPEAT BREEDERS
The status of the uterus in lactating dairy cows at the time of insemination probably contributes to the infertility syndrome of lactating dairy cows. A vivid example is the repeat breeder cow that appears to be clinically normal regarding the reproductive tract but has repeated normal cycles and fails to conceive. A proportion of repeat breeder cows have distinct alterations in spatial endometrial architecture characterized by walled-off and occluded uterine glands, degeneration of the glandular epithelium, thickening of the underlying stroma, and infiltration of either eosinophils or lymphocytes or both (Cupps, 1973) . It was hypothesized that this localized condition was a carry over from prior inflammatory responses to metritis and endometritis in the early postpartum period. This uterine condition may be related to the report that 41% of normally lactating dairy cows (i.e., cows that did not experience either external discharges on the tail, perineum and vulva or internally diagnosed by vaginoscopy between 20 to 33 days postpartum) were diagnosed with subclinical endometritis at 34 to 47 days postpartum and experienced a lower PR to first insemination (Kasimanickam, Duffield, Foster, Gartley, Leslie, Walton and Johnson, 2004) . Is there a parallel between the repeat breeder and the high producing population of today's cows regarding similar uterine statuses that compromise embryo survival? Recent findings indicate that repeat breeder cows have an abnormal pattern of epidermal growth factor (EGF) concentrations in endometrial tissue during the oestrous cycle and that treatment involving exposure to oestradiol may restore a normal secretory pattern and fertility (Katagiri and Takahashi, 2005) . Perhaps the physiological status of lactation and high production has associated homeorhetic regulatory effects that alter the local inflammatory status within the uterus. Perhaps the anti-inflammatory effects of long chain n-3 polyunsaturated fatty acids, administered via the diet, may have a therapeutic role during the breeding period.
Nutritional alteration of periparturient reproductive events
POSTPARTUM IMMUNOSUPPRESSION AND RESPONSE TO ORGANIC SELENIUM During the immediate postpartum period, the cow's immune system is challenged severely (Goff, 2006) , and the innate and humoral defence systems are reduced. The incidence of diseases and disorders can be high during this time period and have a negative impact on reproductive performance. For example the likelihood of pregnancy (odds ratio) was reduced if cows had retained foetal membranes (RFM) or lost one unit of BCS (Loeffler, de Vries and Schukken, 1999) . Reduction in adaptive and innate immunity at parturition increases the risk of health disorders such as RFM, metritis, and mastitis. Selenium has long been associated with immunity. Cattle supplemented with Se-yeast had an 18% increase of Se in plasma in comparison to sodium selenite in some studies (Weiss, 2003) . The state of Florida, USA is in a selenium deficient area, and lactating dairy cows are exposed to a seasonal period of heat stress that affects reproductive performance and health.
We have conducted an experiment to evaluate a supplemental source of organic selenium on reproductive and immune responses by dairy cows (Silvestre, Silvestre, Santos, Risco, Staples and Thatcher, 2006; Silvestre, Silvestre, Crawford, Santos, Staples, and Thatcher, 2006) . Objectives were to evaluate effects of organic Se on PR at the first and second postpartum AI services, uterine health, and milk yield during the summer heat stress period. Cows were assigned (23 ± 8 days prepartum) to diets of organic Se (Se-yeast [SY; Sel-Plex®, Alltech; n = 289] or inorganic sodium Se [SS; n = 285]) fed at 0.3 ppm (DM basis) for > 81 days postpartum. Rectal temperature was recorded each morning for 10 days postpartum (dpp). Vaginoscopies were performed at 5 and 10 dpp. Cows within diet were assigned randomly to 2 reproductive management programs (Presynch-Ovsynch vs CIDR-Ovsynch [i.e., Ovsynch began 3 days after withdrawal of a 7 day-CIDR]). All cows were resynchronized for a second service with Ovsynch at 20 to 23 days after first service. An ultrasound pregnancy diagnosis was conducted at 27 to 30 days after first TAI. Cows in oestrus following Presynchs were AI up to the second TAI service. Strategic blood sampling determined anovulatory status at Ovsynch and ovulatory response after TAI to first service. The PR at second service was determined by rectal palpation at ~ 42 dpp. Blood was sampled for Se (n = 20 cows/diet) at -25, 0, 7, 14, 21, and 37 dpp. Plasma Se increased in SY-fed cows (0.087 vs 0.069 ± 0.004 µg/ml; P < 0.01). Milk yield (35.6 kg/d for 81 days), milk somatic cells (291,618 cells/ml), and 42 Nutrient regulation of hormonal, humoral and cellular responses frequencies of retained foetal membrane (9.7%), mastitis (14.4%), anovulation (17.7%), and synchronized ovulation after TAI (82.5%) were not affected by diet or reproductive program. Diet failed to alter first service PR at ~ 30 days post AI (SY, 24.9% [62/249] vs SS, 23.6% [62/262]) or pregnancy losses between ~ 30 and ~ 55 days post AI (SY, 39.3% vs SS, 37.1%.) These low pregnancy rates and high embryonic losses are typical of cows managed during the summer heat stress period of Florida. Diet altered second service PR [SY, 17% (34/199) vs SS, 11.3% (24/211); P < 0.05]. The benefit of SY on second service pregnancy rate is intriguing. We hypothesize that cows of the SY group were better able to re-establish an embryo-trophic environment at second service following either early or late embryonic losses. Diet altered frequency of multiparous cows detected with > 1 event of fever (rectal temperature > 39.5ºC; SY, 13.3% [25/188] vs SS, 25.5% [46/181]; P < 0.05) but the SY effect was not observed in primiparous cows which had a much higher frequency of fever (40.5%). Vaginoscopy discharge scores at 5 and 10 dpp were better for the SY group; namely, 47. Innate immunity (i.e., neutrophil function) was determined by phagocytic and oxidative burst capacity of neutrophils in whole blood using a dual colour flow cytometric method. Samples were collected from a subsample of 36 cows at -26 dpp and 40 cows at 0, 7, 14, 21 and 37 dpp and analyzed for neutrophil function. Adaptive immunity (ability to induce an antibody response) was monitored with anti-IgG to Ovalbumin (Ovalb) following vaccination with Ovalb antigen (1 mg [i.m.]) dissolved in an E. coli J5 endotoxemia preventive vaccine at -60 and -22 ± 6 dpp (day of initiating SY [n = 38] and SS [n = 47] diets) and again at parturition (day 0) with Ovalb dissolved in PBS with Quil-A adjuvant. Serum samples were collected on days of immunization and at 21 and 42 dpp.
Percentage of gated neutrophils that phagocytized E. coli and underwent oxidative burst did not differ between dietary groups at -26 dpp (44.6 ± 4.6%). For subsequent samples, a diet by parity by day interaction was detected (P < 0.05); namely, SY improved neutrophil function at parturition in multiparous cows (42 ± 6.14% vs 24.3 ± 7.2%; Figure 1 ) and at 7, 14 and 37 dpp in primiparous cows (53.9 vs 30.7%, 58.6 vs 41.9%, and 53.4 vs 34.8%, respectively; pooled SE = 6.8%; Figure 2 ). It is clear that neutrophil function is suppressed in multiparous cows at the time of parturition and it is not restored until between 7 to 14 days postpartum (Figure 1 ). In contrast, the primiparous cows did not have a restoration in neutrophil function until between 14 to 21 days postpartum (Figure 2 ). Organic Se improved phagocytosis and killing activity of neutrophils in both multiparous and primiparous cows (Figures 1 and 2) . However, the primiparous cows seemed to be more responsive in that SY stimulated neutrophil function throughout 0 to 21 dpp whereas, SY stimulation in multiparous cows was evident on only the day of parturition. In most of our postpartum experiments, we detect distinct differences between primiparous and multiparous cows for a multiplicity of physiological and biochemical responses.
Anti-IgG to Ovalb did not differ between dietary groups at -60 and -22 dpp (0.18 ± 0.01 and 0.97 ± 0.04 OD). Although Anti-IgG to Ovalb concentration did not differ between dietary groups for primiparous cows (1.40 ± 0.08 OD), concentrations were higher in SY cows at 21 and 42 dpp (1.91 ± 0.1 vs 1.24 ± 0.07; 1.44 ± 0.7 vs 0.99 ± 0.07 OD, respectively; P < 0.01). Thus our measurement of adaptive immunity was improved in multiparous dairy cows in response to SY but not in primiparous cows.
Our findings indicated that feeding Se as organic Se (Se-yeast, Sel-Plex®), beginning at 26 days prepartum, elevated plasma Se concentrations, increased neutrophil function at the time of parturition, improved immunoresponsiveness in multiparous cows, improved uterine health, and increased second service PR during summer in an environment that is Se deficient.
FEEDING FAT DURING THE PERIPARTURIENT PERIOD Staples and Thatcher (2006) summarized extensively the effects of fatty acids and fatty acid supplements on reproductive performance of lactating dairy cows at the Nottingham Feed Conference. It is clear that dietary fat effects are not simply due to energy, but that specific nutraceutical effects probably are manifested whereby certain fatty acids interact as substrates for specific enzymes (e.g., PGHS-2) and also interact with peroxisome proliferatoractivated receptors (PPARs) to regulate gene expression. The essential polyunsaturated fatty acids, linoleic (18:2n-6) and α-linolenic (18:3n-3), undergo steps of chain elongation and desaturation forming differential n-6 products, such as dihomo-gamma linolenic (20:3n-6) and arachadonic (20:4n-6) acids, and n-3 products such as eicosapentaenoic acid (EPA; 20:5n-3). These specific long-chain polyunsaturated fatty acids produce eicosonaoid products of the prostaglandin series PGF1, PGF2 and PGF3, respectively, as well as various thromboxanes, leukotrienes, lipoxins, hydroperoxyeicosatetraenoic acids and hydroxyeicosatetraenoic acids (HETE) that regulate inflammation and immunity. Clearly, the early postpartum period represents a time when the immune system is suppressed severely and there are major inflammatory processes underway in association with regression of the uterus and reabsorption of uterine tissues. Several of the eicosonaoids exert proinflammatory actions (e.g., PGE 2 ), and PGF 2 α appears to be involved as well with neutrophil function as related to phagocytosis of bacteria. Consequently, feeding fatty acids (e.g., linoleic acid) during the periparturient period that act as precursors for the biosynthesis of prostaglandins of the 2 series may benefit the health of the cow postpartum. Later on in the postpartum period, it may be reasonable to feed fatty acids (e.g., EPA) that lead to biosynthesis of fatty acids that are anti-inflammatory in nature. This would reduce possible residual inflammatory responses in the uterus associated with carryover effects of subclinical endometritis or, as reported in repeat breeder cows (Cupps, 1973) , and also reduce potential luteolytic peaks at the time that the conceptus is suppressing PGF 2 α secretion in order to maintain the corpus luteum for pregnancy maintenance.
A study examined whether feeding of calcium salts of fatty acids (~ 28% linoleic acid and 4% linolenic acid) would have modulatory effects on postpartum dynamics of PGF 2 α secretion, metabolites, hormones, cow health, milk production, and reproductive performance (Cullens, Staples, Bilby, Silvestre, Bartolome, Sozzi, Badinga, Thatcher and Arthington 2004) . Primiparous (n = 22) and multiparous (n = 25) Holstein cows were used in a completely randomized block design to determine the effects of timing of initiation of fat supplementation (Megalac-R, Church and Dwight Co. Inc., Princeton, N.J.) on cow performance over the first 14 weeks postpartum. The four dietary treatments were: 1) Control (no supplemental fat source; Treatment 1) and Treatments 2-4 with Megalac-R supplementation (2% of dietary dry matter) beginning at 28 days prior to expected calving date (Treatment 2), at day of parturition (Treatment 3), or at 28 days in milk (Treatment 4). Cows fed Megalac-R received ~204 g per day during the prepartum period and ~328 g per day in the postpartum period. The study was designed to be carried out in the summer heat stress period of Florida. Blood samples were collected thrice weekly from calving until 10 weeks after parturition. An Ovsynch program was begun between 5 and 10 days of the cycle on 62 dpp with AI occurring at 72 dpp. Orthogonal contrasts tested for treatments were 1 vs. (2 + 3 + 4), 2 vs. (3 + 4), and 3 vs. 4. Mean milk production was 38.1, 41.5, 36.5, and 37.1 kg/d, tending to be greater (P = 0.06) for cows fed fat starting in the prepartum period compared with the postpartum period (Treatment 2 versus Treatments 3 and 4). Pattern of plasma progesterone concentrations accumulated from calving to 79 dpp did not differ among treatments. Of cows that ovulated to the Ovsynch protocol, cows fed fat tended (Treatment 1 versus Treatments 2, 3 and 4; P = 0.09) to experience better first service conception rate than controls (27.8 Plasma profiles of PGFM (Figure 3 ) for the first 12 dpp differed among groups; namely, those fed Megalac-R beginning prepartum (Treatment 2) versus cows fed Megalac-R beginning at parturition (Treatment 3) plus those not fed Megalac-R during the first 12 days after parturition (Treatments 1 and 4). Our interpretation is that cows fed Megalac-R prepartum had their lipid pools enriched in linoleic acid and that the greater pool of linoleic acid increased substrate concentrations of arachidonic acid, the precursor for synthesis of PGF 2α and other PG2 series prostaglandins that would be proinflammatory. Associated with the parturition process is marked stimulation of uterine PGF 2α secretion primarily from the caruncular tissue. The increased potential for the uterus and cells of the immune system to secrete prostaglandins because of supplemental feeding of linoleic acid-calcium salts may enhance the postpartum uterine health and immuno-competence of the cow. This is somewhat supported by examining the frequency of health disorders in the cows that were fed Megalac-R prepartum compared with control cows and cows fed Megalac-R postpartum. Initiation of fat feeding (Megalac-R ® ) in the period immediately prior to calving resulted in fewer health problems (mastitis, retained foetal membranes, or metritis) in the first 10 days postpartum compared with cows not fed fat prepartum (1/12 vs. 15/ 35).
In an additional study, dairy cows (n = 154) supplemented with a calcium salt blend of linoleic acid and monoenoic trans C18:1 fatty acids (EnerG I Transition Formula ® ) or a calcium salt of palm oil (EnerG II ® ) (Virtus Nutrition) from 25 days before calving until 60 dpp were TAI and flushed 5 days after AI with recovered structures evaluated (Cerri, Bruno, Chebel, Galvao, Rutgliano, Juchem, Thatcher, Luchini, and Santos, 2004) . Cows fed EnerG II Transition Formula ® tended to have (P = 0.11) a greater fertilization rate (87 vs 73%), had more accessory sperm per structure collected (34 vs. 21), and tended to have (P = 0.06) a greater proportion of embryos classified as high quality (73 vs. 51%). In a larger set of cows (n = 397), conception rate at first AI was greater for cows fed the linoleic and trans acid salt (33.5 vs 25.6%) (Juchem, Cerri, Bruno, Galvao, Lemos, Villasenor, Coscioni, Rutgliano, Thatcher, Luchini and Santos, 2004) . Development of bovine embryos appeared to be affected by feeding particular sources and amounts of fatty acids. Whether this was due to direct effects on the ova-follicular environment, the embryos, or the intra-oviductal/uterine environments needs further investigation.
EFFECT OF EXOGENOUS BST ON MATERNAL ENDOCRINE AND EMBRYONIC RESPONSES UNTIL DAY 17:
We have extended our investigations involving bST and feeding of Ca salts of fatty acids to the period approaching pregnancy recognition associated with CL maintenance at day 17 after oestrus in lactating dairy cows. Our objective was to examine the effects of bST injection (500 mg; Posilac, Monsanto) and Ca salts of fatty acids enriched with fish oil on endocrine responses, ovarian-uterine function, expression of various genes in the uterus, and conceptus development on day 17 after oestrus in cyclic and pregnant lactating dairy cows (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) . The study was conducted from September 2002 until February 2003. Two diets were fed in which the oil of whole cottonseed (15% of dietary DM; control diet) was compared with oil prepared as a Ca salt containing fish oil (CaSFO) as one of the primary oils (1.9% of dietary DM; Virtus Nutrition). Formulated concentrations of ether extract (5.7%), non-structural carbohydrate (36%), crude protein (18%), and net energy for lactation (1.7 Mcal/kg [7.1 MJ/kg]) were similar between diets (100% DM basis). Ingredients (maize silage, alfalfa hay, cottonseed hulls, ground maize, citrus pulp, soyabean meal, expeller soyabean meal, whole cottonseeds, calcium salt of fat, and mineral/vitamin premix) were fed as a totally mixed ration twice daily. All cows (n = 35) were fed the control diet for the first 10 dpp. Starting on day 11 of lactation, 8 cows were temporarily assigned to a transition diet containing 0.95% CaSFO to initially adjust cows to eating CaSFO. On day 18 postpartum, the CaSFO was increased to 1.9% of dietary DM on which cows remained for the duration of the experiment. Ad libitum feed intakes were measured daily on a group basis. Daily feed intake by cows fed CaSFO averaged 20.9 kg DM/cow over the entire period of feeding. Calculated intake of EPA and DHA was 7.4 g/d for each fatty acid (14.8 g/d total). Cows were milked thrice daily and individual milk weights recorded daily.
The following experimental protocol was implemented relative to sequential treatments to evaluate effects of CaSFO and Control diets in cyclic cows, effects of cyclic versus pregnancy status in cows fed the control diet, and effects of bST across cyclic-diets and cyclic-pregnant control groups (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) . All cows were presynchronized and started an Ovsynch protocol at approximately 7 days after a detected oestrus. Cows assigned to bST treatment received an injection of bST at the TAI and 11 days later. The second injection at day 11 was to ensure that GH concentration would be sustained until the time of slaughter on day 17. All cows that were designated for slaughter had to have ovulated and formed a CL when evaluated at day 7 following the second GnRH injection of the Ovsynch protocol.
Pregnancy rate for lactating cows was higher in bST-treated (83% [5/6]) than in control (40% [4/10]) cows (OR =7.499, 95% Confidence Limits 0.798 -175.519; Chi-Square = 2.9, P < 0.09) (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) . This difference at day 17 is only a trend, but it agrees with the significant bST stimulation of pregnancy rate reported from numerous field experiments (Morales-Roura, Zarco, Hernandez-Ceron and Rodriguez, 2001; Moreira, Risco, Pires, Ambrose, Drost and Thatcher, 2000; Moreira, Risco, Mattos, Lopes and Thatcher, 2001; Santos, Juchem, Cerri, Galvão, Chebel, Thatcher, Dei and Bilby, 2004) . When conceptuses were flushed from the uterus, bST treatment increased length of extra-embryonic membranes (45 vs 34 cm; P < 0.09) and the amount of Interferon-τ in the uterine flushings (9.4 vs 5.3 µg; P < 0.05). Interferon-τ is secreted by the trophoectoderm cells of the extra-embryonic membranes. Indeed, when the content of Interferon-τ in the uterine flushing was adjusted for length of extra-embryonic membranes as a covariate, difference due to bST was no longer significant. Thus a greater uterine pool size of Interferon-τ in bSTtreated cows appeared to be due to a greater size of conceptuses at day 17.
Responses of plasma GH and IGF-1 among the groups treated with bST were interesting (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) . Injection of bST stimulated plasma GH concentrations as expected. Concentrations of GH were higher in cows that were pregnant compared to cyclic cows. Both groups of lactating dairy cows received the same injection doses of bST. However, those cows that conceived (5/6), and had a conceptus present at day 17, had higher concentrations of GH compared with cyclic cows. It is interesting that cyclic cows fed CaSFO also had higher plasma GH concentrations than control-cyclic cows P < 0.05). These differences were readily apparent by 8 days after first bST injection, and all groups had a temporal elevation associated with the second injection on day 11, but differences due to pregnancy and diets were maintained.
The overall mean concentrations of plasma IGF-1 for the six experimental groups clearly reflected stimulation due to bST (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) . Among the pregnant cows, bST stimulated a 79% increase in IGF-1 that may have contributed to the bST increase in conceptus development and Interferon-τ responses. The bST-induced increase in cyclic control cows was not as large. Pregnant control cows treated with bST had higher sustained concentrations of IGF-1 than cyclic control cows between 10 and 17 days after GnRH. This difference might have contributed to the greater degree of conceptus development in bST-treated cows. Although GH in plasma was markedly elevated in cyclic cows fed CaSFO that received bST, their concentrations of IGF-1 remained relatively low throughout the sampling period. This reflects potential dietary effects of fat feeding on endocrine and metabolic responses in lactating dairy cows. Perhaps the higher milk production and lower plasma concentrations of insulin in cows fed CaSFO (Bilby, Sozzi, Lopez, Silvestre, Ealy, Staples and Thatcher, 2006) altered liver responsiveness to exogenous bST to reduce peripheral secretion of IGF-1 compared with control-fed cyclic cows treated with bST.
We have examined endometrial steady state concentrations of mRNA for a variety of genes and endometrial proteins that may be involved in maintenance of pregnancy and as components of the IGF-family (Bilby, Guzeloglu, MacLaren, Staples and Thatcher, 2006) . Although expression of PGHS-2 mRNA did not differ among treatments, the quantity of PGHS-2 protein was elevated in pregnancy. However, expression of the oxytocin receptor (OTR) and the amount of ER (oestradiol receptor) α protein were decreased in pregnant cows versus cyclic cows at day 17. The increased amount of PGHS-2 protein in endometrium of pregnant cows may reflect the need for the synthesis of prostaglandins for proliferative and immunomodulatory effects, but the ability to secrete PGF 2α in a pulsatile luteolytic manner is attenuated (Thatcher, Moreira, Santos, Mattos, Lopes, Pancarci and Risco, 2001 ) and consistent with decreased expression of the OTR and ERa protein of the present study. Treatment with bST appeared to favour antiluteolytic responses in that PGES mRNA was elevated in both cyclic and pregnant cows treated with bST, and PGFS mRNA was decreased in endometrial tissue of pregnant cows that were treated with bST.
Localized expression of IGF-1 mRNA was decreased in endometrial tissue of pregnant compared to cyclic cows (Figure 4) , and this decrease was apparent even though peripheral concentrations of IGF-1 were elevated in bST-treated cows and in particular bST-treated pregnant cows. Among the cyclic cows, feeding of CaSFO reduced expression of IGF-1 mRNA in a manner mimicking the decrease detected for pregnancy. Localized expression of IGF-2 mRNA within the endometrium is elevated in pregnancy, and bST stimulated this expression in both cyclic and pregnant cows ( Figure 5) . Feeding of CaSFO stimulated endometrial expression of IGF-2 in cyclic cows, and the increased expression was comparable to that achieved with bST in cyclic cows not fed CaSFO and to the increase in IGF-2 mRNA expression of pregnant cows ( Figure 5 ). Early embryonic development that ultimately leads to maintenance of pregnancy is dependent upon conceptus-maternal communication. Both suboptimal responsiveness of the endometrium to interferon-τ and inadequate secretion of interferon-τ probably contribute to embryonic mortality and reduced PR. Peripheral orchestraters of oviductal and endometrial environments are the steroid hormones, such as progesterone and perhaps protein hormones such as GH and IGF-1, which may in turn regulate local growth factors in a paracrine fashion within the endometrium and conceptus, as well as cross-talk between these tissues. Clearly, interferon-τ induces a number of genes (Wolf, Arnold, Bauersachs,Beier, Blum, Einspanier, Frohlich, Herrler, Hiendleder, Kolle, Prelle, Reichenbach, Stojkovic, Wenigerkind, Sinowatz, 2003) within the endometrium (i.e., signal tranducer and activator of transcription factors [e.g., STAT 1 and 2], Interferon regulatory factor -1, Interferon stimulated gene 17, MX protein, granulocyte-chemotactic protein-2, and 2',5'-oligoadenylate synthetase) which implies that interferon-τ supports maintenance of pregnancy via a multiplicity of potential mechanisms.
In the present study (Bilby, Guzeloglu, MacLaren, Staples and Thatcher, 2006) , bST alters endometrial gene expression of PGES mRNA, PGFS mRNA, ERα protein, IGF-2 mRNA and IGFBP2 mRNA in cyclic and pregnant cows, and, in some instances, differentially between pregnant and cyclic states (e.g., IGFBP-2 mRNA; PGFS mRNA and ERα protein). The present study also shows that fatty acids in fish oil appear to act as nutraceuticals to decrease expression of IGF-1 mRNA and enhance expression of IGF-2 mRNA in a manner comparable to bST. These are potentially complex systems indicating that pharmaceutical and nutraceutical treatments may influence embryomaternal interactions in a manner to perhaps improve conception rate and embryo survival. A multiplicity of additional dietary fish oil effects were detected on extrauterine and, in particular, uterine responses that warrant further description. In a comparison of fatty acid concentrations among various tissues, the endometrium and liver had highest concentrations of C18:2n-6, C20:4n-6, C18:3n-3, EPA, and DHA compared to milk fat, mammary tissue, muscle, and both subcutaneous and internal fat tissues (Figure 6 ; Bilby, Jenkins, ). An important observation was that the CaSFO diet reduced concentrations of arachidonic acid (C20:4n-6) ( Figure 7A ) and preferentially increased concentrations of EPA and DHA in the endometrium ( Figure 7B ). Thus it is clear that EPA and DHA fatty acids of the CaSFO diet are absorbed from the gastrointestinal tract and are preferentially taken up in the endometrial tissue.
The peroxisome proliferator-activated receptors (PPARs) are a family of nuclear receptors activated by specific fatty acids, eicosanoids and peroxisome proliferators. Previous studies have shown that they are involved in regulation of genes affecting steroid and prostaglandin synthesis 52 Nutrient regulation of hormonal, humoral and cellular responses (MacLaren, Guzeloglu, Michel, and Thatcher, 2006) . Northern blot analysis indicated that PPARα and PPARδ mRNAs were expressed in endometrium from cyclic and pregnant Holstein cows at day 17 following oestrus on all treatments. Western blot experiments confirmed the presence of PPARα and Figure 6 . Concentrations of C18:2n-6, C20:4n-6, C18:3n-3, EPA and DHA as a percentage of total fatty acids in milk fat, mammary, endometrium (endo), liver, muscle, subcutaneous (subQ) and internal fat tissues collected at day 17 of a synchronized oestrous cycle. fish oil was associated with reduced steady state concentrations of PPARδ mRNA (Figure 8 ). In contrast, the CaSFO diet did not alter abundance of PPARα mRNA; however, bST did stimulate PPARα mRNA abundance in pregnant cows but not in cyclic cows fed the control diets (data not shown). Immunohistochemistry to localize PPARδ indicated that the protein is expressed in the luminal epithelium, glandular epithelium, subepithelial stroma and, to a lesser extent, in the adluminal stroma. The decrease in abundance of PPARδ mRNA associated with cows fed the CaSFO diet also was reflected with immunolocalization in that there was a reduction in moderate staining intensity of PPARδ protein in the luminal epithelium of cows fed FO with or without bST treatment ( Figure 9 ). In latter stages of the oestrous cycle, the decrease in progesterone receptors and the increase in ER-α receptors led to an induction of oxytocin receptors and PGHS-2. Consequently, PGF2α is secreted in a pulsatile pattern to cause luteolysis. This system undergoes an antilutelytic pathway in the presence of a conceptus as described above (i.e., decrease in ER-α and oxytocin receptors) that leads to maintenance of the corpus luteum in pregnancy. In the present study, feeding CaSFO appeared to induce subtle antiluteolytic effects when examining immunohistochemistry spatial responses for the progesterone and oestradiol-α receptors and PGHS-2 proteins. Staining for progesterone receptors in the superficial glandular epithelial cells of the cyclic cows at day 17 indicated that CaSFO increased moderate and heavy staining (Figure 10 ). Conversely, moderate to heavy staining intensity for the ER-α receptor was reduced in the luminal epithelial cells of CaSFO-fed cows (Figure 11 ). This antiluteolytic pattern presence of PPARδ receptor or compete with arachidonic acid for the receptor, resulting in counter arachidonic effects that would increase the progesterone receptor and decrease both the ER-α receptor and PGHS-2 protein within the luminal epithelial cells. As a consequence, a dietary manipulation of a nutraceutical has possibly augmented cellular and intracellular processes to sustain embryo development or pregnancy.
Summary
Major advancements have been made for programmed reproductive management. However, reproductive performance is not optimal. It is clear that major attention needs to focus on management of the lactating dairy cow during the peripartum and postpartum period to optimize the transition from the non-lactating to the lactating state in a manner that improves general health, immune function, and restoration of subsequent reproductive competence. Development of programs to optimize health, lactational, and reproductive performance will entail integration of herd health, nutrition and reproductive management programs. Growing evidence indicates that the design and delivery of supplemental organic selenium and unsaturated fatty acids (specifically linoleic acid, linolenic acid, EPA, and DHA) to the lower gut for absorption may target tissues to alter reproductive function and fertility. Changes in reproductive responses can be affected by fat supplementation involving potential alterations in ovarian, uterine, and conceptus sensitivity to metabolic hormones such as bST, insulin-like growth factor-I and gonadotrophins (LH and FSH). In addition, the specific alteration of eicosanoids at certain physiological windows (e.g., periparturient and breeding periods) as well as organic selenium may benefit health (e.g., innate and adaptive immuno-responses) and subsequent reproductive competence and performance of lactating dairy cows that are dealing with the homeorhetic processes of lactation that appear to antagonize reproduction.. The impacts of these nutraceutical agents on inter-and intracellular processes for efficient function of reproductive processes in the lactating dairy cow warrant a high priority for investigation. Indeed this area of investigation needs to be supported by nutritional, pharmaceutical, and governmental entities to deal with the infertility syndrome of lactating dairy cows. Furthermore, this unique animal model has major implications for application to human health.
